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IV Objective: To collect such additional data as are necessary to prepare 
a bullet in to be published on the biology and ecology of the wood-
cock in east-central 111 inois. This publication would stress 
abundance population dynamics, habitat relations, movements and 
migration. 
V Initiation: This study was initiated 1 October 1980. Support for the 
project assistant, Mr. Richard Siemers, was provided by a grant 
from the U.S. Fish and Wildlife Service under the Accelerated 
Research Program (ARP) of that agency. Additional support for 
travel and for the principal investigator was supported by the 
Illinois Natural History Survey; the grant is administered by the 
~ote: Funding for this study ended effective 30 September 1982 due 
to lack of funds available to the U.S. Fish & Wildlife Service to sustain 
research approved and scheduled for conduct and completion under ARP. 
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University of Illinois. Several aspects of the current project 
conti~~c 01 ?~ents of field research on woodcock ecology initiated 
in 1977 under U.S. Interior 14-16-0009-78-005 (Analysis of feather 
prints of Illinois populations of woodcock and doves). 
VI Summary of Progress: 
Banding: Banding of woodcock was done during the period 23 March 
through 9 June, 1982. A summary of this banding is attached as 
is a summary of recapture of banded woodcock. A total of 159 
woodcock were banded through 9 June 1982 on this project. Banding 
was terminated 1 July 1982 because of loss of funding effective 
1 October 1982. 
Census: For 5 consecutive years (1978-82) peenting grounds were 
censused on the Forest Glen Area, Vermilion County. Locations of 
regularly used peenting grounds were plotted on reference maps and 
aerial photos. Locations of peenting grounds were also determined 
for portions of the Kennekuk Cove Area, Vermilion County and for 
the Salt Fork Forest Preserve, Champaign County. Analyses of 
spatial relationships among peenting grounds with respect to 
habitat, area, and year were initiated; a ms is now in preparation. 
Concepts of critical individual distance requirements as well as 
concepts of habitat structural requirements are essential to 
efficient management to preserve and perpetuate species such as 
woodcock in successional environments. The concept of critical 
distance is inadequately appreciated in management of wild! ife 
habitat. 
Reports: Progress reports covering the period ending 31 December 
1981 was completed and submitted in February 1982 and a report 
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covering the period ending 30 June 1982 was completed 30 September 
1982_ This present report constituted the final progress report 
for the project. 
Manuscripts: The following manuscripts were completed: 
a. _!::xploratory experiments on the stability of mineral 
profiles of feathers; Wm. R. Edwards and Kenneth E. Smith. 
This effort represents a completion of work initiated 
under the previously funded A.R.P. study relating to 
woodcock in Illinois. ~/ork relates to technique develop-
ment for analysis of feather mineral profiles as a basis 
for differentiation of local and migratory cohorts of 
woodcock in Illinois; a copy of the complete ms is 
appended. It has been accepted for pub l i cation in The 
Journal of Wildlife Management. 
b. Organochlorin~-~nsecticide residues and PCB's in _ __!j_ssues 
of woodcock from east-central 11 I inois, 1978-1979; Wm. R. 
Edwards, Richard Siemers, and Ronald E. Duzan. Specimens 
collected for other purposes were subjected to pesticide 
analysis. Analyses indicated environmental contamination 
by pesticides to be widespread but at relatively low and 
decreasing levels. Data obtained provide a baseline for 
future analyses. Pesticide profiles appear to have 
possible utility when used in conjuntion with feather 
mineral profiles 1n differentiation of local and migratory 
cohorts of woodcock in 11 l inois; a copy of the final 
draft is appended. This ms is currently in press in 
Environmental Contamination and Toxicology. 
Analyses in Progress: The following analyses are currently in 
various stages of completion: 
a. Spatial relationships--discussed above. 
b. Census data--almost complete. Work will lead to a ms 
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on density, space, year-to-year, and within year 
patterns of vJOodcock abundance in east-central Illinois. 
c. Evaluation of earthworms as a nutrient resource for 
woodcock; analyses including proximate analysis, amino 
acid profiles, mineral profiles, and energy (R.E. Siemers). 
d. Relative abundance of earthworms in primary cover used 
by woodcock in east-central Illinois (R.E. Siemers). 
e. Identification of common species of earthworms in ~octurnal 
and diurnal woodcock habitats in east-central Illinois 
(R..E. Siemers). 
f. Quantitative characterization of structural configurations 
of primary habitats used by resident woodcock in east-
central Illinois. 
g. The effects of season, weather, and lunar cycle on the 
duration of evening activity of peenting woodcock (R.E. Siemers). 
h. Analysis of feather mineral profiles of woodcock, mourning 
doves and robins from east-central Illinois. Analysis 
of feathers complete but yet to be verified. 
i. Preparation of a Natural History Survey Bullet in on the 
woodcock 1n east-central 111 inois. Tentatively outlined. 
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a. A brief progress report which summarizes the major results and 
findings of the two-year research efort actually performed. 
b. A copy of each of the following manuscripts: 
1) "Explanatory Experiments on the Stability of Numerial Profiles 
of Feathers." Dr. William Edwards, Kenneth Smith. 
2) "Organochlorine Insecticide Residues and PCBS in Tissues of 
Woodcock from East Central Illinois" Dr. William Edwards, 
Richard Simmers and Ronald IF...1zen. 
These deliverables shall be provided as soon as is practicable but no 
later than September 30, 1983. 
End of Modification No. 4 
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Organochlorine Insecticide Residues and PCB's in Tissues of 
Woodcock, t1ourning Doves, and Reb ins From East-Central Illinois, 
1978-1979 
Wi 11 iam R. Edv'iards, Ronald E. Duzan, and Richard J. Siemers 
Section of Wildlife Research, 
Illinois Natural History Survey, Champaign, IL 61820 
Use of DDT in agriculture was widespread through the late 1940's, 
reached a peak in the mid-1950's, and dec] ined rapidly thereafter. 
In the mid-196C's, aldrin was used on about half the acreage 
planted to corn in Illinois, but its use declined after 1966 and 
had effectively ceased after 1976 (D. KUHLMCI.N, 111 inois Natural 
Hi story Survey [I NHS], unpub 1 i shed data; and STEVENSON MOORE I I I, 
INHS, personal communication). Use of heptachlor in Illinois 
effectively ended in 1978. Dieldrin was apparently never used 
extensively and its 1 imited use ended about 1964. Nevertheless, 
these chlorinated hydrocarbon and cyclodiene pesticides persist 
in so!ls (NASH and WCOLSON 1967, PIMENTEL 1971) and apparently 
are conserved by adsorption in the upper soi 1 layers \'./here they 
are associated with organic matter (EDWARDS 1970, MEHNER & 
WALLACE 1959). 
Polychlorinated biphenyl compounds (PC3's) were introduced in 
1929 and today are ubiquitous in the environment (DUSTMAN et al. 
1971). Levels of PCB's in animals relate to food habits and 
may be magnified hundreds of times through food chains from prey 
to predator (PRICE 1977, RISEBROLJGH et al. 1968). HEf~TH et al. 
(1970) concluded that the effects of PCB's and DDE are additive, 
not synergistic. DUSTMAN et al. (1972) reported that PCB 
residues above 10 ppm in eggs are cause for concern. 
PRICE (1977) concluded that, although still widespread in Canadian 
wildlife, the incidence of DDE has apparently dropped since the 
use of DDT ended there in 1968-1969. The breeding population of 
robins on the campus of Iowa State University, Ames, was more 
abundant v1hen censused by \-JILLSON (1978) in 1977 than v1hen 
censused by WELLER (1971) in 1962-1970 at the height of a local 
Dutch-elm-disease fradication program utilizing DDT. 
Reported here are levels in ppm of heptachlor, heptachlor epoxide, 
dieldrin, p,p'-DDE (DDE), and PCB residues assayed in muscle, 
heart, liver, brain, and fatty tissues of woodcock (Philohelo 
minor), mourning doves (Zenaidura macroura), and robins (Turdus 
migratorius) from east-central Illinois in 1978 and 1979. 
MATERIALS AND METHODS 
The sample specimens (available from another study) were taken 
from study areas near \,Jestvi lie in Vermi 1 ion County and near 
Shelbyville in Shelby County, in August 1978 and 1979. Samples 
included 9 woodcock, 5 doves, and 6 robins from Vermilion County 
and 5, 3, and 0, respectively, from Shelby County; the location 
for l woodcock is not known. Wet tissue samples were homogenized, 
saponified, and then extracted with 50 ml of nanograde hexane. 
The hexane extract was washed three times with ultrapure water, 
poured through a funnel of anhydrous Na?so4 to remove residual 
water, and then placed on a steam bath ~nd reduced to a volume of 
2- 5 m l u n d e r a 3 - b a 1 1 S n y d e r co l u m n . E a c h s a rr: p 1 e VI a s f r a c t i on a ted 
on a 30-gm florisil column. The first fraction was eluted with 
90 ml of hexane to recover the PCB's; the second fraction, eluted 
with 10 percent ethyl ether/hexane, contained the remaining 
chlorinated hydrocarbons. The samples were then reduced to a 
volume suitable for gas chromatographic analysis. The analyses 
were performed using a Varian-Aerograph Series 2100 gas chroma-
tograph with a 63Ni electron capture detector operated at 250°C. 
The analytical colunm vJas a 6' x 1/4" 0.0. x 2 mm I.D. glass 
column packed with 2.5% OV-210 and 1 .OZ OV-17 coated on a 100-120 
mesh Supelcoport. The column temperature was maintained at l90°C 
and th~ 1 6njection port at 210°; the electrometer was operated at 4 x 10 amper~s. The ca~rier.g~s was o2-free nitrogen at a flow 
rate of 40 ml/m1n. Detection l1m1ts v:ere calculated to be 0.0001 
porn. Because of 1 imited sample sizes and generally low levels of 
~esticides, tests of statistical di~ferences were not attempted. 
RESULTS AND DISCUSSION 
All 15 o·JOodcock samoled contained insecticides; hov1ever, none con-
tained either heptachlor or aldrin (Table 1). Of the 15, hepta-
chlor epoxide vJas found in 12, dieldrin in all 15, DDE in 4, and 
PCB's in 4. Highest levels of the respective compounds in woodcock 
tissues were 0.2532 ppm heptachlor epoxide in fat, 21.2103 ppm 
dieldrin in fat (the magnitude and inconsistency of this value 
suggest possible contamination), 0.7661 ppm ODE in 1 iver, and 
12.4878 ppm PCB's in fat. 
Al 1 8 mourning doves contained insecticides (Table 2). As with 
the woodcock, none cif the doves contained either heptachlor or 
aldrin. Of the 8 doves, all shmved heptachlor epoxide and measur-
able dieldrin; ODE was found in 3 and PCB's in 1. Highest levels 
detected in the doves were 0.1319 ppm heptachlor epoxide in fat, 
0.1785 ppm dieldrin in brain, 4.7526 ppm DDE in fat, and 0.3718 
ppm PCB's in fat. 
All 6 robins contained insecticides (Table 3). Of the 6 robins, 
heptachlor was found in 2, heptachlor epoxide in 4, aldrin in l, 
dieldrin in 5, and PCB's in 2. Highest levels in robins were 
0.3354 ppm heptachlor in brain, 0.3677 ppm heptachlor epoxide in 
brain, 0.0052 ppm aldrin in brain, 0.0162 ppm dieldrin in muscle, 
0.3158 ppm DDE in heart, and 6.7438 ppm PCB's in fat. 
In general, levels of organochlorine insecticides were less than 
1 ppm. In only one tissue did PCB's exceed 10 ppm. Levels of 
heptachlor epoxide were higher in robins than in mourning doves 
Table 1. Incidence of insecticides and PCB's 1n pp~~ in tissues of 
v;oodcock from east-central Illinois, August 1978 and 1979. 
Heptachlor 
Tissue Heptachlor Epoxide Aldrin Dieldrin p,p'-DDE PCB's 
f~US C] e 
Rate 
Mean 
Range 
Liver 
Rate 
Mean 
Range 
Heart 
Rate 
i-\ean 
Range 
Brain 
Rate 
i'tean 
Range 
Fat 
Rate 
1·1ean 
Range 
Sum 
Rate 
0/15 
<0.0001 
<0.0001 
0/11 
<0.0001 
<0.0001 
0/15 
<0.0001 
<0.0001 
0/15 
<0.0001 
<0.0001 
0/6 
<0.0001 
<0.0001 
0/62 
0 
5/15 0/15 
0.0086 <0.0001 
<0.0001- <0.0001 
0.0337 
3/11 0/11 
0.0071 <0.0001 
<0.0001- <0.0001 
0.0539 
8/15 0/15 
0.0120 <0.0001 
<0.0001- <0.0001 
0.0895 
4/15 0/15 
0.0094 <0.0001 
<0.0001- <0.0001 
0.0948 
0/6 
13/15 3/15 2/15 
0.0343 0.0074 0.299 
<0.0001- <0.0001- <0.0001-
0.297 0.0620 4.48 
8/11 
0.0450 
<0.0001-
0.209 
2/11 
0.0806 
<0.0001-
0.766 
14/15 3/15 
0.0567 0.0173 
<0.0001- <0.0001-
0.455 0. -.26 
1/11 
0. 0225 
<0.0001-
0.247 
1/15 
0.0053 
<0.0001-
0.0791 
12/15 
0.0206 
<0.0001-
0.234 
1/15 0/15 
6!6 
0.0039 <0.0001 
<0.0001- <0.0001 
0.0580 
0/6 1/6 4/6 
0.0634 <0.0001 3.7174~ <0.0001 
(0.2187) 
2.08 
<0.0001- <0.0001 
0.253 
24/62 
39 
0/62 
0 
<0.0001- <0.0001 
21.2~ 
53/62 
85 
9/62 
15 
<0.0001-
12. 5 
5/62 
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1 ~eans computed using an assumed level of 0.00005 for values 
less than 0.0001. 
~Possibly contaminated sample. 
Table 2. Incidence of insecticides and PCB's rn ppml in tissues of 
mourning doves from east-central Illinois, August 1978 and 1979. 
He p t a c h 1 o r· 
Tissue Heptachlor Epoxide Aldrin Dieldrin p,p'-DDE PCB's 
Huscle 
f{ate 
Mean 
Range 
Liver 
Rate 
Mean 
Range 
Heart 
Rate 
t1ean 
Range 
Brain 
Rate 
Range 
Fat 
Rate 
He an 
Range 
Sum 
Rate 
0/8 
<0.0001 
<0.0801 
0/7 
<0.0001 
<0.0001 
0/6 
<0.0001 
<0.0001 
0/4 
<0.0001 
<0. 0001 
0/4 
<0.0001 
<0.0001 
0/29 
0 
5/8 0/8 
0.0203 <0.0001 
<0.0001- <0.0001 
0. 121 
5/7 0/7 
0.0079 <0.0001 
<0.0001- <0.0001 
0.0245 
6/8 2/8 0/8 
0.0103 0.0138 <0.0001 
<0.0001- <0.0001- <0.0001 
0.0260 0.1061 
6/7 1/7 0/7 
0.0107 0.0031 <0.0001 
<0.0001- <0.0001- <0.0001 
0.0317 0.0211 
2/6 0/6 5/6 1/6 0/6 
0.0032 <0.0001 0.0198 0.0179 <0.0001 
<O.OOCl- <0.0001 <0.0001- <0.0001- <0.0001 
0.017it 0.0878 0.107 
2/4 0/4 
0.02Lf7 <O.O!JOl 
<0.0001- <0.0001 
o:os16 
2/4 
0.0497 
<0.0001-
0. 1 32 
16/29 
55 
0/4 
<0.0001 
<0.0001 
0/29 
0 
3/4 0/4 
0.0503 <0.0001 
<0.0001- <0.0001 
0. 179 
4/4 
0.0555 
<0.0230-
0. 122 
24/29 
83 
3/4 
1. 2676 
<0.0001-
4.75 
7/29 
24 
0/4 
<0.0001 
<0.0001 
1/4 
0.0930 
<0.0001-
0.372 
1/29 
3 
1 ~eans computed using an assumed level of 0.00005 for values 
less than 0.0001. 
Table 3. Incidence of insecticides and PCB 1 s l tissues of 1n ppm- in 
robins from e?st-central Illinois, August 1978 and 1979. 
-----
Heptad1l or 
Tissue Heptachlor Epoxide Aldrin Dieldrin p,p 1 -DDE PC8 1 s 
-----
Muscle 
Rate l/6 4/6 0/6 3/6 1/6 0/6 
Mean 0.0089 0.0303 <0.0001 0.0032 0.0017 <0.0001 
Range <0.0001- <0.0001- <0.0001 <0.0001- <0.0001- <0.0001 
0.0533 0.0881 0.0162 0.0102 
Liver 
Rate 0/5 4/5 0/5 3/5 l/5 0/5 
Mean <0.0001 0.0107 <0.0001 0.0026 0.0046 <0.0001 
Range <0.0001 <0.0001- <0.0001 <0.0001- <0.0001- <0.0001 
0. 0167 0.0098 0.0230 
Heart 
Rate 0/4 3/4 0/4 1/4 3/4 1/4 
~1ean <0.0001 0.0632 <0.0001 0.0017 0.0833 0.288 
Range <0.0001 <0.0001- <0.0001 <0.0001- <0.0001- <0.0001-
0. 118 0.0066 0.316 1. 15 
Brain 
Rate 2/6 316 l/6 2/6 1/6 2/6 
t·1ean 0.0576 0.283 0.0009 0.0013 0.0043 1. 48 
Range <0.0001- <0 .. 0001- <0.0001- <0.0001- <0.0001- <0.0001-
0.335 0.968 0.0052 0.0061 0.0258 6.74 
Sum 
Rate 3/21 14/21 1/21 9/21 6/21 3/21 
% 14 67 5 43 29 14 
1 ~eans computed using assumed value of 0.00005 for values 
less than 0.0001. 
Table 4. Mean levels of heptachlor epoxide and dieldrin in tissues 
of v10odcock, mourning doves, and robins from east-central Illinois, 
August 1978 and 1979. 
Heptachlor EDoxide Dieldrin 
t1ou rn i ng t1ou rn i ng 
Tissue \,Joodcock Dove Robin ~loodcock Dove Robin 
Muscle 0.0086 0.0203 0.0303 0.0343 0.0103 0.0032 
Liver 0.0071 0.0079 0.0107 0.0450 0.0107 0.0026 
Heart 0.0120 0.0032 0.0632 0.0567 0.0198 0.0017 
Brain 0.0094 0.0247 0.283 0.0206 0.0503 0.0013 
Fat 0. 0631~ 0.0497 0.219 0.0555 
Table 5. Percent of tissue samples of woodcock, mourning do\es, 
and robins from east-central Illinois with detectable levels of 
heptachlor, heptachlor epoxide, aldrin, dieldrin, p,p'-DDE and 
PCB I 5' August 1978 and 1979. 
Heptachlor 
Heptachlor Epoxide A 1 d r in Dieldrin p,p'-DDE PCB's 
\loodcock 0 39 0 85 15 8 
/1ou rn i ng 
Doves 0 55 0 83 24 3 
Robins 14 67 5 43 29 14 
and lowest in woodcock (Tables 4 and 5). The reverse was generally 
true for dieldrin; levels v1ere higher in v1oodcock than in doves and 
lowest in robins. There was no consistent pattern for either DOE 
or PCB's. Environmental levels of DOE, dieldrin, and heptachlor 
epoxide in II linois were probably lower in 1978-1979 than in 
earlier years, as those compounds gradually degrade (BEYER and GISH 
1980, CAREY 1979, KLAJ\S and BELISLE 1977, LICHTENSTEit~ et al. 1971, 
PIMENTEL 1971). 
The apparent differences in levels of heptachlor epoxide and 
dieldrin among species of birds are probably due to differences 1n 
food habits. Earthworms (Lumbricidae), a principal food of numerous 
avians, including vJOodcock and robins, are resistant to DDT and its 
residues (BOYKINS 1970). Such residues have been fo~nd five times 
as high in earthworms as in the associated soils (BEYER and GISH 
1980) and an order of magnitude higher in robins than in earthworms 
\ui~10ND et al. 1970). One might expect v10ocicock and robins to have 
relatively similar levels of pesticide residues because both feed 
extensively on earthworms. Why doves rank between woodcock and 
robins in heptachlor epoxide and dieldrin content in tne data re-
ported here cannot be explained by the authors, except to ~oint out 
that robins forage extensively in open urban lawns and gardens, 
taking a variety of invertebrates, whereas woodcock feed almost 
exclusively on earthworms in dense mesic forests. 
Migratory birds undoubtedly reflect the chemical status of both 
winter and summer ranges. WRIGHT (1965) concluded that woodcock 
breeding in New Brunswick received high dosages of DDT on their 
breeding range \vhere the insecticide had been applied to control 
spruce budworm (Choristoneura fumiferana) and heptachlor on their 
1:1 i n t e r r a n g e 1·1 he r e t he l a t t e r Tnse c t i c i d e h a d been u s e d to con t r o 1 
fire ants (Solenoosis saevissima). STICKEL et al. (1965) found 
that woodcock lose residues of heptachlor at a rate of 2.8~ per 
day. 11CLANE et al. (1978) found generally higher levels of 
pesticides in wings of adult woodcock east of the Appalachian 
Mc;untains, with particularly high levels in \voodcock wings from 
New Jersey, the Carolinas, Georgia, a~d Louisiana; heptachlor 
epoxide was found only in wings of Louisiana woodcock. 
Woodcock occur in Illinois from late February or early March through 
mid-Novernber (\<Ji 11 iam R. Edwards, unpublished data), but v;here 
these woodcock winter has not been determined with certainty. How-
ever, the incidence of heptachlor epoxide in Illinois and Louisiana 
woodcock and its absence in other collections reported by MCLANE 
et al. (1978) supports the concept of O:.·IE~J (1977) that \voodcock 
breeding west of the Appalachians winter west of the Appalachians. 
The lack of heptachlor epoxide in wings of woodcock taken north of 
Illinois in Michigan, \·!i sconsin, and Minnesota (tKLANE et al. 1978) 
suggest that those populations are discrete from east-central 
Illinois woodcock. 
MCLANE et al. (1971) reported mean values of 1.26 ppm (0.18-2.49) 
ODE, 0.149 ppm (0.022-0.62) heptachlor epoxide, and 0.090 ppm 
(0.023-1 .09) dieldrin for woodcock wings; those values are 
generally higher than v1e report here for Illinois vJOodcock. The 
differences could relate to differences in environmental loads 
of pesticides in time, space, or tissues analyzed; however, MCLANE 
et al. (1971) concluded that Louisiana woodcock contained less 
heptachlor· epoxide in 1965 than in 1961-1962. CLARK and iKLANE 
(1978) concluded that Louisiana woodcock in 1970-1971 had less 
DOE and less heptachlor epoxide than in 1965. 
Although the number of samples assayed was smal 1 and their dis-
tribution restricted, it appears that residues of the organa-
chlorine insecticides in woodcock, mourning doves, and robins 
probably re~ained widespread but at relatively low and probably 
decreasing levels in east-central i 11 inois in 1978-1979. 
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RH: STABILITY OF FEATHER 1-liNERALS. Edwa:--ds and Smith 
EXPLORATORY EXPER1f·,1ENTS CN THE STABILITY OF t-HNERfiL PROFILES OF FEATHERS 
\'!ILL IM1 R. ED\'/ARDS, Illinois Natu:--al His·to;y Su;vey, 607 East Peabody, 
Chanpalgn, IL 61820 
KENNETH E. sr~iiTH, Institute of Gas Technologoy, 3424 S. S-tate St;eet, 
Chicago, IL 60616 
Ah51~~= Feathe; chemlst;y has been suggested as a possible basis fo; 
identifying membe;s of local populations of m!g;ato;y birds. Howeve;, 
p:--ob I ems ;e I at i ng to -the stab i I i ty of feathe;-m I ne;a I p;of i I es have r.ot beer. 
;esolved. Repo:ted he;e a;e findings from an explo;ato;y study of the 
stab! I ity of fea·the;-mine;al p;of!les. Hine;al p;ofiles of tea-the;s we;e 
s!gn:ticantly affected by -techriques of washing ar.d of chemical analysis. 
Findings indicate that metal Ions obtained f;om +he envl;onmen+ a;e adso:--bed 
to p;ima:--les. On exposu:--e chemically diffe;ent envi;onments, rnine;al 
p;ofiles of feathe;s become modified th;ough lon exchange. Modification ve:--y 
possibly occu:--s throughout )he I ife of a feathe:--. Both ionic and covalent 
bonding are apparently Involved. Although modified, profiles tended to 
maintain Individuality and general group affinity thus potential use of 
mineral p;ofiles in population analysis Is not ;ejected. Methods to; 
preparing sample feathers for analysis a:--e discussed. 
J. \•llLDL. r'1ANAGE. 00(0):000-000 
Key _t/.Q.::.Q_s_: feathers, mineral, profile, ion, exchange 
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This paper explores the stcbll lty of the mineral profiles of feathers 
and Its significance to population analysis Involving migratory birds. In 
the management of migratory birds It Is desirable to differentiate members of 
local breeding populations and the origins of migrants seasonally using local 
areas. Several studies, Including McCullough (1953), Schroeder et al. 
(1955), Devine and Peterle (1968), and Hanson and Jones (1968,1976), Schumann 
(1971), Neth (1971), Kelsall and Burton (1977), and Ranta et al. (1978) 
suggested that feather-mineral profiles offer potential for defining breeding 
and migratory populations. 
The concept of mineral-profile analysis has been that the levels at 
which different elements are associated with feathers are functions 
influenced by the availability of those elements In the natal environment. 
Kel sa II and Bu:-ton ( 1979) reported changes In feather· chan I stry between 
October and May for a captive population of snow geese. Means (1981) Found 
high variances In profiles of feathers of Kirtland's Warbler (Dendrolca 
kirtland!!). Data of Hanson and Jones (1976, Tables 2 & 5) suggested that 
profiles of feathers exposeCil to an "artificial" seawater may have become 
altered with respect to Na and Mg. An extensive literature on the mineral 
profiles of hair, which I Ike feathers represent keratinized epidermal tissue, 
Indicates that hair loses and gains metals from solution and that most 
ambient extractable minerals are not structurally significant (Schwartz 1960, 
Strain and Porles 1966, Bate 1966, Harmans 1967, Hinners et al. 1974, Flynn 
and Franzman 1974, r-'Jaugh 1978). Similarly, problems have been recognized 
relative to different analytical results relating to procedures for washing 
hair (Assarlan 1977, Shopcott 1978, Chlttleborough 1980, Salmela 1981). 
Although Kelsal I and Calaprlce (1972:1096) sustained the earl ler 
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conclusion of Hanson and Jones (1968) that feather mineral profiles might 
serve as a means of tracing geographic origins of migratory birds, they 
concluded that varlabll lty existed that should be accounted for. Kelsal I et 
al. C1975a,b) reported differences In feather mineral profiles among 
Individuals of a common population and found rather consistent differences 
among primaries grouped by number (1 ,2 ••• 10); they also concluded that 
bilateral asymmetry was not a problem. Bush (1978) pointed out that amino 
acid composition differed markedly among feather parts In relation to 
structural differences of those parts. He also concluded that structural 
differences existed that were genetically regulated. Thus, the published 
findings on the mineral analysis of hair and feathers raised questions as to 
the stab !I I ty of feather mineraI prof I I es and hence the utI I I ty of us l ng 
mineral profiles to trace geographic orl~lns of migratory birds. Subsequent 
to the work presented here, Rose and Parker (1981) presented e model of 
feather mineral content as a function of time and rate of exposure as a 
function of distance from a source of metal pol lutlon. 
Research on the stabiiJty of feather mineral profiles reported here had 
4 parts: (1) washing experiments to determine stabll lty In response to 
different methods of washing and wash solutions, (2) the response of feathers 
to solutions high In salts of selected metals, (3) determinations of lon 
exchange properties of feathers, and (4) translocation experiments evaluating 
possible changes In mineral profiles of feathers of birds moved to new and 
chemically different environments. 
Feathers of Canada geese CB;aota canadensis) were used because (1) goose 
feathers ar-e sufficiently large to analyze Individually (2) sample goose 
wings were readily available through the courtesy of H. C. Hanson; and (3) 
3 
Edwa~ds & Smith 
much of the p~evlously pub I !shed wo~k on feathe~ mlne~als has been with wild 
geese. 
H. C. Hanson, II I lnols Natu~al History Survey ( INHS), consulted 
extensively, provided the paired wings of geese which constituted the sample 
feathers, and reviewed d~afts of the manuscript. R. L. Jones, Depa~tment of 
Agronomy, University of II llnols (UI), consulted on the chemistry of feather 
minerals, on analytical and statistical procedures, and was of significant 
help as a reviewer of drafts of this manuscript. T. J. Peterle and Susanne 
Wood also served as reviewers. 
Other persons who facti ltated this study Include Scott Craven, U.S. Fish 
and W!ldl lfe Service (USF&WS), Madison, Wisconsin; J. R. Karr, University of 
II I inols, Champaign; Robert WII I Iamson, II I inols Department of Conservation 
( IDOC); personnel of the IDOC at the Mo~afne V!ew State flark (Dawson Lake); 
and J. W. Seets, R. Siemers, and E. Brewer. Numerous other persons 
contributed lr. a variety of ways, particularly G. C. Sanderson and E. A. 
Anderson. The study was facll ltated by contract funds provided by the U. S. 
Fish and Wlldl lfe Service UDder the Accelerated Research Program CARP) of 
that agency. Additional support was provided by the INHS, Section of 
Wlldl lfe Research. 
METHODS 
Sample Feathers 
Feathe~s for the washing and ton exchange experiments were f~om 8 pairs 
ot wings of E.£. Interior collected near Carro, II I lnols. Primaries were 
Identified by sample number, whether left or right, and primary number; cut 
Into 2- to 3-cm lengths (shaft portions below the vane were discarded, as 
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were all broken, Incomplete primaries); and Individually sealed In glassine 
envelopes. Treated feathers were compared to feathers washed In DI-H20 
following the wash procedure of Hanson and Jones (1976); such feathers are 
referred to as untreated. Wild geese were captured and moved (translocated) 
to new environments. Untreated (right) primaries were taken at the time of 
capture with "treated" Cleft) primaries taken after exposure to the new 
environments. 
Wash Solutions 
5 
The possible effects of wash solutions on mineral profiles was 
Investigated by comparing data tram sample feathers with data from comparable 
feathers washed In a surfactant solution and other washed In a weak acid 
solution. We hypothesized that if the minerals existed as relatively 
exchangeable ions adsorbed to the protein ma:t-r.ix of the feathers, washing 
surfactant or weak acid solutions might strip away the exchangeable Ions and 
provide a picture of endogenous mineral profiles representative of natal areas 
and breeding ranges. Our purpose was to remove ions which could distort 
profiles and compl lcate analysis. Thus, we opted to test 0.05 N HCI as a wash 
solution. The declson to use an acid wash was arbitrary but one which would 
elucidate the prlnclpal of the removal of adsorbed Ions. 
Chemical Analysis of Feathers 
For a comparison of agitation techniques, an ultrasonic cleaning bath 
was used to hold 8, 150-mJ beakers, each containing a single feather In 
100 ml of deionized water CDI-H20). For comparison, a reciprocating 
shaker operating at approximately 100 cycles/min was also used. For 
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shaker-washing, single feathers were pl~ced In 12 125-nll Erlenmeyer flasks In 
100 ml of OJ-H20. Wash waters were changed every 30 min In the ag!tat!on 
experiments and were analyzed for spec!flc conductance. After washing, 
feathers were dried for 24 hr at 60°C, weighed Into a Vycor crucible and 
ashed for 16 hr at 450°C. The ash was solubil !zed In concentrated nitric 
acid, transferred to a volumetric flask, and diluted to volume with ultrapure 
water. Chemical analysis was performed on a Jarrell-Ash Model 950 direct 
reading emission spectrometer equipped with an Inductively coupled argon 
plasma source unlt. Standards were prepared from high purity (99.999% or 
higher) metals or metal salts dissolved In ultrapure water In the presence of 
Ultrex grade acids. 
Jon exchange capacity of goose feathers was determined by equil lbrattng 
9th and 10th primaries from 4 pairs of goose wings with a 1N solution of 
CaCN03)2 In whlch the Ca2+ replaced the other adsorbed metals. This solution 
was then analyzed tor calcium by emission spectrophotometry. Seventh and 
8th primaries from these birds were equll lbrated with IN ammonium acetate 
by shaking for 2 hours to e?tlmate the proportions of total metal ions In the 
feathers available tor exchange. The solution was subsequently analyzed tor 
sodium, potassium, calcium, and magnesium. The feathers were digested and 
analyzed as previously described. The general method was a modification of 
that described by Chapman (1965). 
Statistical Analyses 
Kelsal I et al. (1975a,b) observed differences In feather chemistry 
related to primary number. This observation placed a constraint on the way 
feathers were grouped for experimentation. In our series of experiments, 
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pr-Imar-Ies were analyzed Individually, with right primaries serving as 
controls for the respective treated left primar-Ies with the Innermost primar-y 
being "No: 1 ," and alI others numbered In succession outward to No. 10, the 
I ast. 
Subpr-ogram DISCRIMINANT from the STATISTICAL PACKAGE FOR THE SOCIAL 
SCIENCES CSPSS) was used to evaluate differences between treated and 
untreated groups and to Identify chemical elements significant In group 
differences. Analyses wer-e performed at the computer- facll !ties of the 
University of Illinois, Ur-bana-Chanpalgn. 
FINDINGS 
Agitation Experiments 
The first experiment on the stab! I lty of feather- miner-al profiles 
concer-ned physical aspect:; of washing pr-!marle.s in dlsi·flled water <DI-H20), 
!.e., the effects of (1) wash time and (2) the method of agitation of 
feathers washed In DI-H20. Because conductivity is a linear- function of the 
log of the number of Ions IQ solution, the conductivities of sequences of 
wash waters provided a basis for evaluating wash time and agitation as 
factors In profile stab! I lty. In the washing exper-iments the 1st and 2nd 
primar-Ies, from 4 palrs of goose wings wer-e used, thus potentially allowing 8 
repl !cates for- each test. Feather-s were washed In 125-ml flasks with 100 ml 
of DI-H20, with wash waters changed every 30 min. Conductivities of blanks 
of distil led water- aver-aged about 20 um after- 30 minutes' agitation. Right 
1st and 2nd primaries wer-e washed using a reciprocating shaker for agitation, 
whereas left Nos. 1 and 2 were washed In the ultrasonic bath. 
After- 5 to 6 hr of washing (10 to 12 washes) the discarded wash water-s 
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had conductivities .:S.50 umhos, <:i:ld washing was discontinued. Posslbie 
differences In the rates at which Ions were brought Into solution between the 
2 sources of agitation were tested using regression analysis of wash water 
conductivity CY) and time (X). The hypothesis tested was that the 
coefficient of regression of conductivity over time was not significantly 
different between treatments. Data were corrected for differences !n sizes of 
samples and were coded to log form to achieve approximate I lnearlty of the 
X:Y relationships for purposes of regression analysis. 
Regression coefficients for the decl lne in wash water conductivity ln 
relation to wash tlme over 6.5 hr of washing for the coded data were ba = 
0.761 for feathers agitated !n the reciprocating shaker and bb = 0.805 for 
feathers washed lr. the ultrasonic bath. The difference between these 
:·egression coefficients was not slgnlflcant <t11> = 0.159). The conclusion 
drawn at th 1 s point was that approxImate I y 25 \'lashes ( 12.5 hr of wash +I me) 
would be required to "completely" wash a feather. From a practical 
standpoint, 5 to 6 hr of wash time appeared adequate. Summations of the 
conductivities of wash water.s (not shown) Indicated removal of virtually 
Identical numbers of Ions under the 2 methods of agltat!on. Although the 
sources of agitation were different, the sum of the conductivities agreed 
with an assumption of bilateral symmetry. 
Primaries from the washing experiment were chemically analyzed to 
determine the concentration of 12 elements In the lndlvldual feathers <Table 
1). AI and Fe values were found to be significantly greater ln the primaries 
washed In the ultrasonic bath than ln those washed In the shaker. One 
possible explanation Is contamination of the former by AI and Fe from the 
glass beakers Induced by prolonged agitation In the ultrasonic bath. Sums of 
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Ions fr-om feather-s washo~ ln the bath, 1,330 ppm, and In the shaker, 1,271 
ppm, suggested that similar levels of Ion extraction had been achieved except 
for the pr-obable contamination by AI and Fe. The agitation of large numbers 
of samples was much simpler using the shaker than using the ultrasonic bath. 
Because of practical considerations and the probable contamination by AI and 
Fe, a reciprocating shaker was used for washing feathers In subsequent phases 
of this study. 
Wash Media Experiments 
Surfactant Effects.--Right 5th and 6th primaries were wasehd In 
DI-H20 tor 6 hr, with the wash water changed hourly. Lett 5th and 6th 
pr-Imaries were washed similar-ly using a 1% solution of "Tr-Iton X-100" (Rohm & 
Haas) In DI-H20 as a surfactant. The sums of the 12 elements assayed were 
944 ppm and 790 ppm, respectively. a d!tferen.ce of about 16 percent CTable 
1); reduced levels were noted for 9 of 12 elements although only Ca and Mg 
levels were reduced significantly. However, the test of group differences 
was significant C.E = 0.02> •. Poster·Ior classification of all 14 sample 
feathers to their respective control groups was 100% correct. The response 
of treated feathers washed with the surfactant Triton X-100 was generally 
similar to that reported by Salmela et at. (1981) tor human hair. 
Effects Q1 Washing ln DIIu+e ~.--Individual right (untreated) 3rd and 
4th primaries were washed as before with left (treated) 3rd and 4th primaries 
handled similarly except that the wash solution was 0.05 N HCI; only 5 pairs 
of primaries were available for this evaluation. 
The untreated primaries had an average of 954 ppm for the elements 
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assayed, whereas primaries washed In tho 0.05 N HCI solution averaged of only 
693 ppm of the 12 elements--a reduction of almost 30% In total mineral load 
for the treated feathers (Table 1 ). Levels of K, Ca, Mg, Mn, and Zn were 
significantly reduced lr. the treated feathers, and group differences were 
significant at the 0.10 level <E = 0.0912). Posterior classifications of the 
10 sample feathers, using discriminant analysts, was 100%. It Is clear that 
washing In 0.05 N HCI removed significantly more Ions from sample feathers 
than were removed by washing In DI-HZO. Although no direct comparison was 
attempted between washing In 0.05 N HCI and use of a surfactant solution, 
results suggested that more Ions were removed by the weak acld. The acld 
solution used had a pH of 1.56. Although relatively weak, that level of 
acidity would rarely be encountered ln nature, but lf encountered, tt could 
be e>:pected to strip away significant numbers of ions. 
Salt-Loading Experiments 
To test experimentally the posslbil lty of environmentally induced ton 
exchange on feathers, sampl~ feathers were exposed to a solution of metal 
salts, Including the salt of a heavy metal, Zn. The left 7th, 8th, 9th, and 
10th primaries from 4 pairs of sanple wings wer-e treated experimentally by 
shaking them Individually for 48 hr in 250-ml flasks wlth 100 ml of a 1% 
solution cf each of the chloride salts of Na, K, Ca, Mg, and Zn ln DI-H20. 
The respective untreated right 7th, 8th, 9th, and 10th primaries were here 
again washed ln DI-H20. After 6 hr total wash time, conductivities of the 
wash waters of the right primaries were In the range of 90-145 umhos, and the 
washing of the untreated primaries was discontinued. After exposure to the 
salt solution, the treated primaries were washed In 125-ml flasks with 100 ml 
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DI-H20 to:- 6 h:-, with the wash wate:- changed hou:-ly and checked tor-
conductivity. Atte:- 6 h:- of washing, conductivities of the wash wate:-s t:-om 
the treated (loaded) p:-ima:-les we:-e In the :-ange of 860-1,600 umhos, and 
washing of the p:-lma:-les was continued. Loaded left 7th and 8th p:-lma:-les 
we:-e washed to:- a total of 20 h:-, with the final wash waters having 
conductivities In the :-ange of 150-285 umhos. Loaded lett primaries 9 and 10 
we:-e washed tor 14 hr, with final wash waters having conductivities In the 
range of 200-355 umhos. 
Results of the chemical analyses of the salt-loaded and respective 
unt:-eated p:-lma:-les we:-e d:-amatlcal ly different (Table 1). Although the 
solution used contained the salts of Na, K, Ca, and Mg, those elements were 
much reduced on the treated primaries. In tact, all assayed elements except 
Zn, B, Si, and P were significantly reduced; however, Zn was increased by a 
factor of about 7. :on loads for the treated feathers averaged 1,233 ppm; 
this was 18% greater than the average of the untreated feathers, 1,043 ppm. 
However, for the 11 elements other than Zn, the untreated feathers averaged 
940 ppm, whereas the treate9 feathers averaged only 500 ppm. This difference 
suggests that Zn In the salt solution displaced approximately 47% of Ions of 
those 11 elements on the treated feathers. Differences were highly 
significant (p < 0.002, Table 2). The stripping effect of the heavy metal 
zinc was even more effective than washing with 0.05 N HC1 in removing Ions 
adsorbed to primaries. AI I 26 treated feathers were correctly assigned, 
using discriminant analysis. Even after Zn had stripped away nearly half of 
the adsorbed Ions, residual feather-mineral profiles remained that appeared 
potentially Indicative of the Individuals' natal environments. 
The observed responses of feathers to zinc In the washing and loading 
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expe:-lment we:-e consistent wrth !on exchange. G:-lffln et al. (1976) found 
that the retention of Zn ln soli was accompanied by the :-elease of Ca and Mg. 
Glbb et al. (1977) concluded that the p:-lnclpal mechanism of the uptake and 
retention of Zn by soils f:-om g:-oundwate:- was by cation exchange, with tons 
exchanged ln reve:-se o:-de:- of their mobil ltles. Luckey and Venugopal (1977) 
point out that metal Ions Interact wlth a11lno acids and proteins. The latter 
wo:-kers state (1977:120) that metals with empty orbitals, Ca and Mg for 
example, and those wlth half-fll led orbitals, such as Mn2t and Fe3t, form 
coordination compounds Clonic bonds), whereas metals, such as Co2t, co3t, 
Nt2t, cu2t, and zn2t, form the strange:- covalent bonds. Crist et al. (1981) 
also conclude that both ionic and covalent bonding are involved In adsorbtlon 
of metals to proteins of algal eel I surfaces. 
In discussing metal-protein bonding, Luckey and Venugopal (1977:120) 
I1d!cate that the stability· of lonlc bonds Is governed by electrost:,tlc 
att:-actlons directly related to ionic charge and Inversely related to ionic 
:-adlus, whereas the stab II tty of covalent bonds is not so related (1977:121). 
C:-lst et al. (1981 :1217) conclude that displacement of metal Ions p:-oceeds In 
the gene:-al orde:- of Cu > Sr > Zn > Mg > Na. Thus, on the basis of chemical 
p:-opertles, one would expect mineral p:-oflles of feathe:-s to change on 
exposu:-e to new and chemically different er.vl:-onmer.ts, with change dependent 
on (1) the prior chemical state of the feather and (2) the chemical state of 
the new environment. In particular, one could expect feathers of migratory 
bl:-ds In the wild to show an Increase ove:- time In the genera! abundance of 
metals having :-elatlvely high bond strengths. 
T:-anslocation Experiments 
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Research on mineral profiles of hair (Schwariz 1960, Bate 1966, Hinners 
et al. 1974) suggested that the mineral profiles of primaries may become 
modified on exposure to new and chemically different environments. The 
stab! I lty of mineral profiles of free I lving geese exposed to new 
environments was Investigated by comparing the profiles of right (untreated) 
primaries of wild geese scrnpled Immediately on capture to those of left 
(treated) primaries of the same geese sampled several months after those 
geese had been transferred and exposed to new environments. 
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Two geese (No.s 1 and 2) captured by cannon netting at th8 Horicon 
National Wlldl lfe Refuge, Horicon, Wisconsin, In October 1977 were released 
on the day of capture on the Vivarium Pond at the University of II I lnols, 
Urbana. These b r rds were be I i eved m i gra~ts fran the James Bay area of Canada 
and members of the so called ~~~~ississippl Valley Population" (~1VP). Two 
geese <Nos. 3 and 4) Identified as a.~. maxlma were captured in October 
1977 from a local flock at Dawson Lake, Mclean County, II I lnois, and were 
transferred to the V lvar rum Pond as above. Two more a. ~. maxima (No. s 5 
and 6), also taken at Dawso~ Lake In October 1977, were similarly released 
at the Uttle ,John Conservation Area, Knox County, Illinois. The treated 
(left) primaries for the 2 B.~. maxima at Little John were taken in 
mid-January 1978. The treated primaries of the 4 geese held at the Vivarium 
Pond were taken in June 1978. 
At Little John the geese had access to a series of ponds developed 
during surface mining for coal done about 30 years earl fer; soli profiles 
were destroyed during mining. The present soils are derived from overburden, 
whlch Is a mixture of 6 ± 1.5 m of weathered calcareous glacial til I, 6 ± 1.5 
m of I lght to medium gray shale, 30 em of dense I imestone, 15 em of dark 
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(acid) clay stone, and 30 em of dar-k (acid) shale. In general, the soils ar.d 
water-s at Little John have relatively high pH. Dawson Lake was man made and 
Is situated on the Bloomington mor-aine, which formed dur-Ing the final stage 
of the Wlscor.slnan glaciation. Solis lr. this ar-ea for-med under pr-alr-le In 
60-120 em of loess over calcar-Ious til I; soli and water- pH tend to be 
relatively hlgh. The VIvarium Pond Is fed by a continuous flow of city water 
obtained from deep wei Is ln glacial drift. 
Horicon ±Q VIvarium fQnQ.--Two geese, Nos. 1 ar.d 2, were Involved. 
Levels of Ca, Mg, ar.d Zn were significantly Incr-eased ln the tr-eated 
p:-lr01ar-les of geese translocated from Ho;tcon to the Vlva;Ium Pond CTable 2). 
Total ron loads ave;aged 1,107 and 1,353 ppm, r·espectlvely, for the untreated 
and treater! p; l marl es of goose No. 1, an I ncr ease of 22$, and 920 and 1 , 099 
ppm, respectively, for goose No. 2, an increas~ of 19%. However-, both geese 
showed ;eductions In Na and Mn in the tr-eated p;lmar-le5; Mn was significantly 
lower In goose No. 2. In both Instances the mineral profiles of treated and 
untreated gr-oups differed sJgnlflcantly, and In both Instances alI primaries 
were correctly assigned to their respective groups, using discriminant 
analysts. The difference between treated and untreated primaries Is strong 
evidence that mineral profiles of the Horicon geese became altered following 
translocation to the Vivarium Pond. 
Dawson~ ±Q VIvarium ~.--Two geese, Nos. 3 and 4, were involved. 
Levels of Ca and Mg were significantly Increased, and levels of AI, Fe, and P 
were significantly reduced in the treated primaries as compared with the 
untreated right prlmar!es of Dawson Lake geese transferred to the VIvarium 
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Pond <Table 2). Total lon loads averaged 1,074 and 1,077 ppm, respectively, 
for the untreated and treated primaries for goose No.3, and 1,186 and 1,266 
ppm, respectively, for #458, an increase of 7% for goose No. 4. Although 
total lon loads were not greatly increased, group differences were 
significant at the P = 0.05 level for goose No •. 3 and at the P = 0.01 level 
for goose No. 4; alI primaries from both #457 and #458 were correctly 
assigned to their respective groups, using discriminant analysis. Changes in 
!on loadings of the Horicon and Dawson geese translocated to the VIvarium 
Pond either tended to be In the same direction or toward more common levels 
as suggested, for example, by reduction In the high levels of AI and Fe from 
treated feathers of the Dawson Lake geese. 
;k1.lt2QlJ Lhls_~ j:Q Little _,!_Qhc_.--Two geese, No.s 5 and 6, were Involved. 
Compared with those of the 4 geese translocated to +he VIvarium Pond, 
primaries of the 2 geese moved to Little John showed less change although 
trends were similar In several respects <Table 2). For exa~ple, Ca and Mg 
Increased, with Mg s!gnlflc9nt at the P = 0.05 level and Ca at the P = 0.10 
level, for goose No. 5. Average lon loads were 1,172 and 1,243 ppm, 
respectively, for untreated and treated feathers for goose No. 5, an Increase 
of 6%, and 1,216 and 1,335 ppm, respectively, for goose No. 6, an increase of 
10%. Differences In mineral profiles between untreated and treated primaries 
were slgnlflcant at the P = 0.05 level for No. 5 and at the P = 0.01 level 
tor No. 6. AI I 38 primaries were correctly assigned to groups by posterior 
classlflcat!on. 
As suggested by the results of washing, loading, and !on exchange 
experiments, feather mineral profiles were In fact dynamic and responsive to 
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new and chemically different e~vlronments. Analyses for the translocated 
geese demonstrated that Individuality was maintained after translocation--
that Is, mineral profiles of Individual translocated birds were significantly 
different from those of other translocated birds (Fig. 1). The general 
tendency to Increased !on loads over time Is consistent with Rose and Parker 
(1981). Posterior classifications of alI feathers from translocated geese, 
using discriminant analysis to groups, was 100% correct. These findings 
suggest that even though mineral profiles became modified as a consequence of 
the gain and Joss of exchangeable tons In response to new and chemically 
different environments, individuals sustained their Identities. This suggests 
that had sample sizes been adequate, groups would I ikely have maintained 
their lnd1vlduaJ lty. 
Primary Number Effect 
To test for possible feather-number effect, the untreated :lght 
primaries from the washing and loading experiments were arranged In 10 groups 
by primary number; data were available for 33 right primaries representing 4 
geese; the washing of the untreated primaries has been discussed. The 
elements Na, K, Ca, 8, Fe, P, and Zn were found to differ significantly among 
the untreated primaries from the washing and loading experiments when grouped 
by primary number. In general, as feather number Increased, Na and K tended 
to Increase, whereas levels of Ca, B, Fe, P, and Zn tended to decrease. 
Posterior classification of the 33 feathers to their respective groups was 
100% correct. In general, primaries No. 1, 2, 8, 9, and 10 showed 
significant differences from other groups, whereas Nos. 3, 4, 5, 6, and 7 
were not significantly different. 
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Control primaries from 4 geese used In the translocation experiments 
from Dawson Lake also showed significant differences among groups for Na, B, 
and SI; K exceeded the reference value at the P = 0.10 level. Pos+erlor 
classifications correctly Identified 31 of the 38 (82%) primaries (Table 3). 
In general, the most desirable grouping In this series was that of primaries 
Nos. 6, 7, and 8. 
The analysts of feather-number effect was flawed by our not having equal 
sample sizes among groups representing the same individuals. However, both 
data sets showed generally similar patterns that substantially agreed with 
the findings of Kelsal I et al. (1975a,b). The Inference drawn was that 
In developing mineral profiles, feathers should not be selected 
Indiscriminately. It appears advantageous to pool primaries Nos. 5, 6, 
and (or possibly 4, 5, 6, and 7) as a general practice. 
Catton Exchange Capacity of Feathers 
Because previous results suggest the adsorption of Ions to feathers, 
primaries No. 9 and 10 from. 4 additional pairs of wings, 16 total feathers, were 
used to estimate cation exchange capacity (CEC) using a procedure based on 
Chapman (1965). The mean CEC for the feathers examined was 0.124 
mil I equivalents of Ca/g of feather, confirming the previously suspected 
adsorption ot Ions to feathers (Table 4). 
Extraction of cations from primaries by 1 N ammonium acetate resulted 
In the removal of 86, 88, 68, and 56%, or. the average, of the Na, K, Ca, and 
Mg, respectively (Table 4). Findings demonstrated that a high proportion of 
the Ions associated with feathers were exchangeable, although, the 1 N 
ammonium acetate undoubtedly extracted more Ions than might normally be 
--
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exchanged under natural conditions. Results of the ion exchange experiments 
are In accord with Schwartz's (1960) conclusion that metals bind to cystine 
of hal; although several amino acids In addition to cystine may be 1nvolved 
(Schroeder et al. 1955, Bush 1978). 
DISCUSSION 
Our flndlngs are consistent ln principle with related findings of 
research on the washing of human hal; prior to trace mineral analysis 
<Assa;lan 1977, Maugh 1978, Shapcott 1978, Salmela et al. 1981 I and wlth 
tlr.dlngs on chemical blndlng and exchange of metal Ions on proteins (Luckey 
and Venugopal 1977, Crist et al. 1981). Rose ar.d Parke; (1981) made the 
Important distinction that feather mineral profiles reflect exogenous 
ad~c;ptlon. Ou; findings support that conclusion. 
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The fact that feather-mineral profiles have been found to be dynamic on 
exposure to new and chemically different environments compromises to some 
unknown degree the potential utll 1~1 of teathe:--mlr.e:-al profiles In 
population studies. Eventu~l ly, the utll lty of feather mineral profiles must 
be demonstrated by functional use In field studies. In ar.y event, results of 
ou; findings, like those of Salmela et al. (1981), clearly demonstrate that 
techniques of sample preparation must be standardized if the data are to be 
compared among studies or areas and over time. Yet to be answered are 
questions as to how sample preparation would allow the highest p;obabll lty of 
correct classification of Individuals to groups. 
In effect, one question Is how clean Is clean enough? That question 
must tor now rem a l n unanswered, but some consIderation of standard r zed 
procedures Is In order. Wash water obviously should have a high level of 
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pu:-lty (conductivity ~25 um), and glasswar-e should be washed ln Alconox 
<Curtin Mathesln Scientific Co.) or comparable glass cleaner, rinsed In 
high-purity water, and again rinsed In 30 percent NH03. The removal of 
surficial "did" Is logical. The use of a reagent-grade organic solvent, 
such as hexane, as a prerinse (Salmela et al. 1981) to remove grease, and the 
addition of a non-Ionic detergent such as Triton X-100 (1% solution), to 
facll !tate cleaning appear desirable. 
Schroeder et al. (1955) found different concentrations of amino acids 
with different metal binding capacities In various parts of feathers. Our 
findings and those of Kelsal I, et al. (1975a,b) demonstrate varlabil lty In 
mineral profiles related to feather number. We bel !eve standardization of 
feather parts and feather numbers to be Important. Because It wll I sometimes 
be desl:-able to sample feathers from I ivlng birds, it seems desirable 
routinely to trim the bases of all feathers just below the vanes. It further 
seems desirable to discard Incomplete feathers. To minimize feather-number 
effect, we propose working only with primaries 5, 6, and 7, and that those 
feathers be pooled for the Individual bird. We see no problem In pool lng or 
substituting right or left primaries of the same number from normal birds. 
A major unresolved point Is whether readily exchangeable Ions should be 
removed prior to assay, and If so, how this should be accomplished. It might 
be argued that the removal of exchangeable ions, leaving a "base" profile of 
tightly bound Ions, could glve a profile most characteristic of the 
environment where the feather was produced--of the breeding or summer range. 
Thls may be the case. However, because Ions are exchanged on the basis of 
bond strength, adsorbtlon of strongly held Ions could conceivably occur 
throughout the I lfe of the feather, and stripping feathers of I lghtly bound 
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tons would not necessa!'"lly give a p!'"oflle most lndlcatlve of the b!'"eedtng O!'" 
summe!'" !'"ange of the Individual. On the cont!'"a!'"y, the st!'"lpplng of lightly 
bound Ions could !'"esult In the loss of lmpo!'"tant lnfo!'"matlon !'"elating to such 
Ions. 
Although we have evidence that p!'"oflles a!'"e dynamic, It does not 
necessarily follow that the feather mlne!'"al analysis will make no 
contribution to population analysis and management. We bel !eve that on the 
basis of promise reported on field studies, feather mineral analysis warrants 
additional experimental study and use. 
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I J . . a, b, c cac lllCJ eY.['Crlments. 
Nu 
f( 
Ca 
/·1g 
Al 
[3 
Cu 
Fe 
t1n 
p 
Si 
Zn 
Shaker vs. 
ultrasonic bath 
1 & 2d (7)e 
Shaker 
70.3 
32.2 
1!61! 
129 
1+6. 5 
2.20 
5.03 
98 
3. 51+ 
210 
90 .If 
120 
Gafh 
711. 1 
2L1. 6 
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82. 9,., 
2.06 
4.68 
136:'. 
3.99 
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98.0 
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S u;n 1 , 271 1,330 (+5%) 
Difference Prob<Jbi I i ty 0 . 0 0 7 l ;';;'; 
DI-H..,O vs. 
surf~ctant solution 
5 & 6 (7) 
D !-fLO 
L 
55.5 
18.9 
3811 
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35.7 
1 • 81+ 
IL71 
50.5 
2.05 
1 31 
lt6. 4 
1 OJ 
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36 ,II 
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67;';;';;': 
26.6 
1 • 65 
1+. 91 
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1. 94 
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30.4 
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·'· 
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DI-H 20 vs. 0.05 N HCl 
3 & 4 (5) 
DI-H 2o O.n5tJ :-:Cl 
60.8 
1 7. 3 
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37.5 
2.60 
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56.3 
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65. 1 
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56.0 
·'· 
34.7 
-'-·'··'-151 """ 
59:'::'; 
65.0 
]. 99 
3.85 
73.0 
l. 17 
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57. 1 
51;';;';;': 
--,'-;, 
693 (-27%) 
0. 091 z"' 
DI-H 2o vs. 
salt loac.kl 
7,8,9,&10 (13) 
DI-H 2 0 
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37.2 
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5. 19 
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1 32 
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l 04 
1 '04 3 
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:': 
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0 L ,.,., ·:, 
. I . 
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1+2. 9 
)'~ ~·~ ~·: 
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;': ·/: :·~ 
1,233 (+18%) 
·/: ·:: -;': 
<0.0000 
aGiven in ppm of feathers; all feathers used are from the same 11 geese (Nos. 3501, 3502, 3503, 35011). 
IJ ·'· •'"'' :'::'::', 
Siqni fic,:mt ut P = 0.05, 0.01, and 0.001. 
cSolution contained 1% euch of the chloride salts of Na, K, Cu, Mg, and Zn. 
cJThc nu;•,bers of the primaries used in euch experiment. 
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Table 3. Sun:rnary of results of tests of differences in feather mineral profiles of prin1aries grouped 
by number for untreated primaries (Table 6), from geese from Dav1son Lake used in translocation; feathers 
\'lashed in 01-H O a 2 . 
p r i llii.l ry rJurnbe r 
(= Groups) 
2 . 
3 
4 
5 
6 
7 
8 
9 
10 
l 
0.7615 
0. 1216 
0.0310 
0.0319 
0.0017 
0.0006 
0.0001 
0.0003 
0.0002 
2 3 
0.3993 
0. 1736 0. 1878 
0.0870 0.1556 
0.0076 0.0466 
0.0017 0. 0111 
0.0004 0. 00211 
0.0005 0.0013 
0.0003 0. 002Lf 
Primary Number (= Groups) 
·--4----- 5 -y:;--·--~r----s----~ 
0.2666 
0.2692 0.5920 
0.03110 0.3838 0.9663 
0.0088 0. 1348 0. 71161 0.8154 
0.0081 0. 1637 0.3582 0.4650 0. 7720 
0.0026 0.06114 0. 1837 0.2666 0. 751J7 0.8125 
aGiven as probabi 1 ity of no significant difference between mineral profiles of 2 groups 
of feathers. 
l 
Table 4. Summary of cation ion exchange characteristics (CEC) 
of Canada goose primaries. 
Element (Na) ( K) (Ca) (Mg) 
% Removed 
:.'~ 86 88 68 56 
o, Residual 14 12 32 44 /o 
·};:-}~ 
Bird No. ( 1 ) (2) ( 3) (4) (x) 
CEC 0.115 0. 102 0. 119 0. 159 0. 124 
·'· 
Removed by satut·ation vJith 1 ~l ammonium acetate; means 
of 7th and 8th primaries from 4 geese (n = 16). 
·/~ -;': 
Mill iequivalents per 100 g feather for pooled samples of 
9th and lOth primaries. 
Fig. 1. A plot of classification of treated primaries based on discriminant 
analysis using 12 elements for translocated geese: Nos. 1 and 2 from Horicon 
to the Vivarium; Nos. 3 and 4 from Dawson Lake to the Vivarium; Nos 5 and 6 
from Dawson Lake to Little John. Group centroids are indicated by,,.,, (49 
of 57 feathers plotted; 8 are "buried"). 
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CANUNICAL DISCRIMINANT FUNCTION 1 
l 
T<Jble 1. Summary of woodcock recapture data. 
Capture Recapture Distanc; from: 
Band in i ~Ti)f 
Nu11iber Sex Age Date Location Age Date Location capture 
1 323-651119 F u 06/04/79 Forest Glen u 08/08/79 Forest Glen 0.6 km 
(6. 23/7 /27) (6.08/6.08) 
1323-65451 M SY 04/14/81 Forest Glen SY 05/19/81 Forest Glen 1 . 2 krn 
(12.37/4.30) (11.25/2.05) 
1323-65452 M ASY 04/16/81 Kennekuk Cove ASY 09/16/81 Kennekuk Cove 0 
i n i t i a 1 a rca 
1 3 2 3 - 6 511 5 3 M SY 04/17/81 Kennekuk Cove SY 07/30/81 Kennekuk Cove 0 
initial ar-e<J 
09/16/81 Kcnnekuk Cove 0 
1423-16809 H AHY 09/09/81 Forest Glen AHY 09/10/81 Forest Glen 0.2 km 
(5.09/6.27) (5.30/6.07) 
1323-65476 M HY 06/22/81 Forest Glen SY 04/01/82 Forest Glen 0 
Tm1cr Field T OvJe r F i e 1 d 
(9.37/5.30) 
1323-65'151 11 SY 04/14/81 Forest G 1 en AHY 04/13/82 Forest Glen 0.6 km 
Pipeline Road- Cemetary Field 
North Fie 1 d (11.20/2.07) 
(12.20/3.05) 
1423-16814 11 AHY i0/16/81 Kennekuk Cove ASY 04/30/82 Kennekuk Cove 0. l1 km 
Field //27 Fie 1 d //29 
1 lj 2 3 - 1 6 8 3 6 11 SY OIJ/2 3/82 Forest Glen SY 06/01/82 Forest Glen 0.6 krn 
Power Line Field Gate Field South 
(5.09/(,.28) (6.12/5.30) 
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